Background and Aims: This study sought to determine the prevalence of malnutrition in patients with inflammatory bowel disease, to analyse the dietary beliefs and behaviours of these patients, to study their body composition, to evaluate their muscular strength and to identify the factors associated with malnutrition in these patients. Methods: This was a prospective, multicentre study. Crohn's disease and ulcerative colitis patients from 30 Spanish centres, from the outpatient clinics, were included. A questionnaire of 11 items was applied to obtain data from patients' dietary behaviour and beliefs. Patients who accepted were evaluated to assess their nutritional status using Subjective Global Assessment and body mass index. Body composition was evaluated through bioelectrical impedance. Results: A total of 1271 patients were included [51% women, median age 45 years, 60% Crohn's disease]. Of these, 333 patients underwent the nutritional evaluation. A total of 77% of patients declared that they avoided some foods to prevent disease relapse. Eighty-six per cent of patients avoided some foods when they had disease activity because of fear of worsening the flare. Sixtyseven per cent of patients modified their dietary habits after disease diagnosis. The prevalence of malnutrition was 16% [95% confidence interval = 12-20%]. In the multivariate analysis, history of abdominal surgery, active disease and avoidance of some foods during flares were associated with higher risk of malnutrition.
Introduction
The nutritional status of inflammatory bowel disease [IBD] patients is frequently altered, even when the disease is in remission. [1] [2] [3] Alterations in body composition in IBD patients seem to be common, but have not been well studied. 1, 2 Most patients with IBD have an altered distribution of fat-free mass and fat mass. Inadequate body composition and malnutrition have been associated with poor outcomes, such as a higher frequency of postoperative complications, longer hospital stays, decreased quality of life and higher health costs. 1, 3 A variety of methods can be employed to measure body composition. In routine clinical practice basic anthropometry techniques are generally used, such as body mass index [BMI] . However, BMI and biochemical parameters of nutritional risk are not accurate enough to estimate body composition, even in patients in clinical remission because, in a high proportion of IBD patients, these values may be within normal ranges while they still have an altered body composition.
2,4-6 Bioelectrical impedance analysis [BIA] is a simple, fast and noninvasive method to estimate body composition. It is based on the opposition to the flow of an electric current through body tissues, which can then be used to calculate total body water, and to estimate fat-fee mass [lean mass] and fat mass. 7 Many factors can contribute to malnutrition in these patients, such as reduced oral intake. In IBD patients, reduced oral intake may play an important role in the onset of malnutrition, and can be due to many factors such as self imposed food restrictions, decreased hunger, reduced sensation of pleasure related to eating, changes in mood and even medical advice. 8, 9 Patients' self-imposed food restrictions may contribute to worsening of their nutritional status. [10] [11] [12] However, only a few studies have analysed the beliefs and behaviours of patients with IBD with respect to diet. 8, [12] [13] [14] [15] [16] [17] Moreover, the contribution of these beliefs and behaviours to malnutrition has not been well studied.
The aims of this study were to determine the prevalence of malnutrition in IBD patients, to analyse their dietary beliefs and behaviours, to study their body composition, to evaluate their muscular strength and to identify the factors associated with malnutrition in these patients.
Methods

Study population
The present study was a multicentre, observational, prospective study conducted at 30 Spanish centres. The study population comprised consecutive outpatients diagnosed with Crohn's disease [CD] or ulcerative colitis [UC] followed at IBD Units of the participant centres between January 2015 and April 2016. Pregnant patients, patients with pacemakers, patients with implantable automatic defibrillators and patients on diuretic therapy were excluded.
Ethical aspects
The study was approved by the respective institutional ethics review boards, and was conducted according to the Declaration of Helsinki and Good Clinical Practice guidelines.
Data collection
The study had two parts. In the first, a questionnaire of 11 items was applied to obtain data on the dietary behaviour and beliefs of IBD patients. The questionnaire was developed by the IBD Unit and the Endocrinology and Nutrition Department after a careful review of the literature about the dietary habits of IBD patients. A pilot questionnaire was administered to ten IBD patients and, as a result of this pilot study, minor modifications to the questionnaire were made. The patients who accepted to participate in this part of the study completed the questionnaire before leaving the clinics. All the patients who accepted to participate in the first part of the study were invited to participate in the second part.
The second part of the study aimed to evaluate the nutritional status of IBD patients. All the patients who accepted to participate in this part of the study were referred to the nutrition clinics of the participant centres. All participating centres had a dietician or an endocrinologist specialized in nutrition. In these nutrition clinics, Subjective Global Assessment [SGA] was performed. SGA is a validated nutritional assessment tool, which is implemented by a physician, and is based on features of medical history and physical examination. SGA classifies patients as: grade A, well nourished; grade B, moderately malnourished; and grade C, severely malnourished. 18 In addition, anthropometric measurements such as BMI, triceps skinfold, twin circumference and abdominal circumference were taken. Body composition [i.e. fat mass, fat-free mass and total body water] was evaluated through BIA. To assess body composition, the participant centres used the Tanita 
Decreased handgrip strength
This was noted if the value obtained from the dynamometer below the 10 th percentile.
Disease activity
For luminal CD, clinical activity was defined as a Harvey-Bradshaw index score >4 points. 22 For UC, clinical activity was defined as a partial Mayo score >2 points. 23 
Statistical analysis
The descriptive analysis of quantitative variables included the mean and standard deviation or the median and interquartile range, depending on whether the variables were normally distributed or not. For the categorical variables, percentage and 95% confidence intervals [95% CIs] were provided. Comparisons between means were performed using the t test for independent samples or the Wilcoxon rank-sum test according to the distribution of data. Categorical variables were compared using the χ 2 test and the Fisher exact test. Statistical significance was set at p < 0.05. A lineal regression model was constructed to identify predictive factors for malnutrition. All the variables that reached statistical significance in the univariate analysis and those that were considered clinically relevant were included in the multivariate analysis. The dependent variable was the risk of malnutrition. The independent variables were: type of IBD [CD and UC], gender, age, surgery due to IBD, extraintestinal manifestations, current smoking habit, clinical activity [yes/no], type of IBD therapy, treatment with steroids in the last year, avoidance of some food groups to prevent a disease flare and avoidance of some food groups during a flare. The results were expressed as odds ratios [ORs] with their corresponding 95% CIs.
Results
Study population
A total of 1271 patients who completed the questionnaire and met the inclusion criteria were included. Of these, 333 participated in the nutritional assessment. The main characteristics of the patients are summarized in Table 1 . Sixty per cent of them had CD. The mean age was 45 years [interquartile range . Twenty-three per cent had a history of abdominal surgery due to IBD, and 18% were current smokers. Eight per cent of the patients had been exposed to steroids in the last year. The distribution of IBD treatment was as follows: 
Dietary beliefs
Dietary behaviours
Seventy-six per cent of the patients avoided eating some food groups in order to prevent a disease flare [question 3]. Most patients [86%] avoided eating some food groups when they had disease activity because of a fear of worsening their symptoms [question 5]. The foods groups avoided to prevent a flare and during a flare are summarized in Figure 1 .
After IBD diagnosis, 66% of the patients modified their dietary habits [question 10], and 38% refused to dine out because of a fear that the food could worsen the disease symptoms [question 11]. The dietary beliefs and behaviours of the total patient group, and according to the type of IBD are detailed in Table 2 .
Factors associated with food restriction behaviour
A multivariate analysis was performed to evaluate the factors associated with patient self-imposed food restriction behaviour. The factor most associated with a higher risk of food restriction behaviour to prevent a disease flare was treatment with immunomodulators [IMMs] 
Nutritional assessment
Clinical characteristics of the patients
Of the 333 patients included in this part of the study, 48% were male and 57% had CD [ Table 3 ]. Regarding treatment, 26% were treated with 5-ASA, 13% with biologics, 24% with IMMs, 30% received combo therapy and 7% had no treatment. Eight per cent of the patients had been treated with systemic steroids in the last year. Clinical disease activity was present in 26% of the patients and in most of them [82%] it was mild.
Regarding dietary supplements, 13% of the patients were receiving vitamin B12, 8% folic acid, 12% oral iron supplements, 17% vitamin D and 12% calcium.
Malnutrition and body composition
Of the 333 patients who underwent nutritional assessment, 7% had SGA grade B or C. BMI was below 18.5 kg/m 2 in 4% of these Figure 3. 
Muscular strength
Handgrip strength was decreased in 9% of the patients. There was no difference between CD and UC patients [8% vs 8%, p = 0.7]. Malnourished patients had a diminished handgrip strength more frequently than well-nourished patients [17% vs 8%, p < 0.05].
Predictive factors of malnutrition
In the univariate analysis, history of abdominal surgery due to IBD was more frequent in patients with malnutrition that in wellnourished patients [37% vs 19%, p < 0.01]. Moreover, clinical activity was more frequent in malnourished patients [52% vs 27%, p < 0.001]. In addition, malnourished patients were treated more frequently with combo therapy than well-nourished patients [44% vs 27%, p < 0.05]. Regarding food restriction behaviours, malnourished patients avoided some food groups to prevent a flare [82% vs 69%, p = 0.05], and during a flare [98% vs 83%, p < 0.01] more frequently than well-nourished patients. No statistical differences were observed associated with gender, type of IBD, smoking habit, extraintestinal manifestations, treatment with systemic steroids in the last year, 5-ASA therapy, treatment with IMMs and biologics in monotherapy.
In the multivariate analysis [ Table 5 ], the variables associated with a higher risk of malnutrition were history of surgery due to IBD 
Discussion
The results of the present study demonstrate that the vast majority of IBD patients have self-imposed food restriction behaviour to prevent a disease flare, and because of fear of worsening disease symptoms during a flare. Moreover, according to our findings, a restrictive behaviour with respect to diet increases the risk of malnutrition. To our knowledge, this is the largest published cohort of patients investigating dietary beliefs and behaviours in IBD patients, and the first that includes a nutritional assessment of the patients who participated in the study. Almost half of the patients believed that certain foods increase the risk of IBD. This finding is similar to another study in which 48% of the patients perceived diet as an initiating factor of their disease. 17 Several studies have suggested that IBD results from an unbalanced relationship between environment, genes and the immune system. 24 Nutrients are an important part of the environmental factors and, in epidemiological studies, the Western dietary pattern is associated with an increased risk of developing IBD. 17 Current evidence is, however, insufficient to draw firm conclusions about the role of dietary components and the risk of developing IBD. Although there is a lack of evidence to support any recommendation of a specific diet for IBD patients, many patients believe that some foods can induce or worsen disease symptoms. For this reason, a relevant proportion of patients decide to avoid eating some food groups. 8, [25] [26] [27] [28] [29] [30] [31] [32] In our study, 68% of the patients considered that food has an important or a very important role as a trigger of IBD flare. Moreover, 75% of the patients included in the present study avoided some food groups in order to prevent a disease flare. Furthermore, 87% of the patients avoided some food groups during a disease flare because of fear of worsening their symptoms. The food restrictive behaviour was more frequent in CD patients than in UC patients. Limdi et al. studied the dietary behaviours and beliefs of 400 IBD patients. 17 Of these, almost two-thirds believed that food had a role in triggering an IBD flare, and avoided some foods to prevent a disease relapse. Similar results were observed in another study. 12 It is relevant to point out that, with the aim of preventing a flare, a significant number of patients avoided important food groups such as fat, dairy products and vegetables. On the other hand, during a flare, the number of patients who restricted the most important groups of foods-proteins and fat-was significantly increased. Similar results have been reported in other studies. 8, 12, 17 In our study, the majority of patients avoided some foods to prevent a relapse, and because they thought that certain foods could aggravate their symptoms during a flare. However, scientific evidence to support specific dietary advice in patients with IBD is currently lacking. 33 These results are relevant because one of the mechanisms of malnutrition in IBD patients is self-imposed food restrictions. 9 Patients usually restrict some types of food based on their beliefs on food intolerance. Many studies have analysed the relationship between diet and IBD patient symptoms. 8, 17, 34, 35 The avoidance of dairy products is frequent and has been reported in 16-34% of IBD patients. 8, 12, 17 A study from New Zealand reported that fat content of dairy products had more influence in the symptoms of CD patients than lactose content. 36 However, another study did not find any association between disease relapse and the increased intake of milk and dairy products. 37 Many beliefs of the patients could be perpetuated by professional dietary advice since there is no evidence to recommend a dairyfree diet in IBD patients. However, a study reported that 40% of CD: Crohn's disease; UC: ulcerative colitis; BMI: body mass index; p10: tenth percentile; p90: ninetieth percentile. physicians and nutritionists advise their IBD patients to avoid dairy products. 38 Another study found that in one-third of CD patients, the reduction in food intake could be associated with an inadequate restricted diet, low in fat and fibre, following medical advice. 9 The vast majority of the patients considered that it would be useful to receive nutritional advice from qualified personnel, in agreement with other studies. 8, 17 However, in one study, only 50% of the patients received professional advice from qualified personnel. 8 Moreover, one-third of patients felt that their providers did not seem to have enough time to discuss nutrition during visits. 3 The role of health professionals is important because nutritional advice has been demonstrated to be effective in dietary management and protection against nutritional deficiencies in patients with IBD. 28, 33, 39, 40 The prevalence of malnutrition in our IBD outpatients was 16%. This is a high value, especially taking into account that all the patients were outpatients, and the majority of them were in remission or had mild activity. In Spain, the prevalence of malnutrition in the general population is around 3%, with ranges from 0.5 to 14%. However, most studies have been conducted in the elderly population. 41, 42 A Spanish nationwide, cross-sectional, observational, multicentre study evaluated the prevalence of malnutrition in hospitalized patients with chronic diseases. The authors found that the prevalence of malnutrition was 37% in patients with neurological pathologies [especially in patients with degenerative neurological diseases], 34% in patients with cancer, 30% in patients with diabetes mellitus and 28% in patients with cardiovascular diseases. 43 In IBD, there is a wide range of prevalence of malnutrition reported in the literature, from 12 to 85%, and this is probably due to a significant heterogeneity of the series regarding type of disease [CD vs UC], extent and disease activity. 44, 45 In the present study there was no difference in the prevalence of malnutrition in CD and UC patients, in agreement with previous studies. 2 The definition of malnutrition is controversial and it is continuously evolving. 46, 47 In the present study, a patient was classified as having malnutrition if he/she had an SGA grade B or C, or a BMI < 18.5 or an FFMI below the 10 th percentile; therefore, nutritional status was comprehensively assessed through three different dimensions [clinical, anthropometric and body composition]. Since a patient could have a normal BMI and still have an altered body composition, the definition of malnutrition is not restricted to a lower BMI. 2 We therefore decided to use three different ways to evaluate the nutritional status and to classify a patient as malnourished if he/ she had an alteration in at least one of the evaluated dimensions. Moreover, a comprehensive nutritional assessment seems superior to the assessment of a single dimension status. 48 Bryant et al. assessed the nutritional status of 144 IBD patients in clinical remission, and concluded that alterations in body composition are frequent, even in remission, and cannot be detected by standard malnutrition screening. 2 We found that malnourished patients had a decreased handgrip strength compared with well-nourished patients, in agreement with a previous study. 2 Handgrip strength is considered as a reliable marker of muscle quality, and nutritional status may influence muscle quality and thus muscle strength. Many studies have shown that muscular strength is related to the prognosis of chronic diseases. 49 Therefore, the evaluation of muscular strength should probably be a routine part of nutritional assessment. 49, 50 According to our results, clinical activity was associated with malnutrition. Clinical activity has been associated with malnutrition in several studies. 44, 51, 52 Nevertheless, malnutrition may occur in patients with mild activity and even in remission. 1, 9 A previous study evaluated nutritional status shortly after IBD diagnosis and concluded that it was already affected negatively at the time of diagnosis. 48 Our results also found that history of abdominal surgery was associated with malnutrition. Abdominal surgery due to IBD may cause malnutrition through different mechanisms such as malabsorption or reduced oral intake. A nationwide study performed in IBD patients found that having undergone resective bowel surgery was associated with malnutrition or body weight loss. 53, 54 Finally, food restrictive behaviour during a flare was associated with a higher risk of malnutrition in our study. Dietary beliefs are one of the most important reasons why patients restrict some types of food, as has been demonstrated in the present study. Moreover, the majority of patients reported to have decreased appetite during a disease flare, which, together with the food-restrictive behaviour, could lead to malnutrition. Furthermore, according to our results, the majority of patients changed their dietary habits after the diagnosis of IBD.
These results highlight the importance of educating patients to prevent malnutrition. This is important because malnutrition has been associated with poorer outcomes in IBD patients. 3 In fact, the proportion of patients with malnutrition has been considered one of the ten key quality outcome measurements for IBD. 55 Therefore, nutritional assessment should be included in routine clinical practice. Interestingly, we found that almost half of the patients were overweight or obese and, of these, 8% had malnutrition. This is a relevant finding, since obesity in IBD patients has been associated with elevated inflammatory markers and a more severe clinical course in CD patients. 2 Moreover, 5% of the obese IBD patients met criteria for sarcopenic obesity [BMI > 30 kg/m 2 and a low FFMI], which is associated with metabolic disorders and is an important cause of disability, morbidity and mortality. 56 These findings confirm that all IBD patients should be included in the nutritional assessment. The reasons for the lack of nutritional assessment are unclear but may be due to underestimation of patient risk, limited visit time and a lack of familiarity with the criteria involved in the diagnosis of malnutrition. 3 A multidisciplinary team of qualified personnel in nutrition comprising gastroenterologists, nurses, dieticians and nutritionists is necessary for providing dietary advice and support for IBD patients.
Screening for malnutrition should be performed in all IBD patients at least once, and more frequently in those patients with active disease or with factors associated with a higher risk of malnutrition. A complete evaluation of nutritional status should include the assessment of these three dimensions: clinical [SGA], anthropometric [BMI] and body composition [BIA] . Additionally, all patients should receive individualized dietary advice.
The present study has several limitations. First, we did not measure body composition using dual-energy X-ray absorptiometry, which is the gold standard to evaluate body composition. However, we used BIA, which is a simple, fast and noninvasive method to evaluate body composition. Moreover, since BIA is accessible and is available in all nutrition clinics, its use reflects routine clinical practice. Second, it would have been interesting to follow-up the patients after the nutritional assessment in order to evaluate impact on their nutritional status. Third, endoscopic activity was not evaluated at the moment of inclusion in the study; nevertheless, we performed a clinical assessment using the clinical validated scales for CD and UC. Finally, there could be a bias if the majority of patients who accepted to participate in the nutritional assessment were those who had disease activity; however, we included consecutive patients and the majority of them were in clinical remission or had mild activity.
One of the strengths of the present study is that-to the best of our knowledge-it is the largest cohort of patients in whom dietary behaviours and beliefs have been evaluated. Moreover, this prospective study includes a nutritional assessment of an important number of patients who completed the questionnaire. In addition, this is the first study that has evaluated behaviours and beliefs of IBD patients and their nutritional status, and which included a comprehensive assessment of the three dimensions of nutritional status: clinical, anthropometric and body composition.
In conclusion, the results of this large prospective multicentre study showed that self-imposed food restrictions in IBD patients are very frequent and favour malnutrition. Moreover, we found that almost 20% of outpatients met malnutrition criteria. Based on these findings, screening for malnutrition in IBD patients should be implemented in routine clinical practice, as well as individualized dietary advice, to limit the baseless beliefs of the patients and their corresponding nutritional restrictive behaviours.
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